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(54) STRUCTURE AND FORMING METHOD OF PROTRUDENT ELECTRODE 

(57)Abstract: 

PURPOSE: To enable a protrudent electrode formed on 
an electronic element or a board to be improved in 
characteristics and enhanced in connection reliability 
when the electronic element is bonded facing downward. 



CONSTITUTION: A resin 6 which contains metal 
particles 7 is formed on the Al electrode 2 of a 
semiconductor element 1. The semiconductor element 1 
is dipped into a plating bath, the metal particles 7 
protruding from the resin 6 serve as nucleuses to enable 
a metal film 8 to grow, whereby the metal film 8 is 
formed both on the resin 6 and on the AE electrode 2, 
and a protrudent electrode provided with a resin layer 6 
is formed on the Al electrode 2. Therefore, bumps can 




be formed at a very small pitch. Furthermore, the metal 
particles 7 are contained in the resin 6, whereby the 
metal film 8 can be easily formed, and the metal film 8 is 
enhanced in adhesion to the resin 6 owing to the anchor 
effect of the mental particles 7, and in result a 
semiconductor of high reliability can be provided. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Structure of the projection electrode characterized by having formed the layer of the 
resin which distributed metal particles in the projection electrode with the configuration 
projected from the electrode on an electric element or a substrate so that the part on said 
electrode might be covered at least, and forming metallic coating only on said resin containing 
said metal particles, and said electrode. 

[Claim 2] The formation approach of the process which forms the layer of the resin which 
distributed metal particles so that some electrodes on an electric element or a substrate might 
be covered, the process which forms a metallic film only on said resin layer which is immersed 
during an electroless deposition bath in said electric element or said substrate, and contains said 
electrode and said metal particles, and the projection electrode characterized by being a twist. 
[Claim 3] Structure of the projection electrode according to claim 1 characterized by giving 
electroless deposition coats, such as nickel, Co, Cu, and Au, as the above-mentioned metallic 
film. 

[Claim 4] Structure of the projection electrode according to claim 1 using the particle containing 
the metal in which electroless deposition, such as Au, nickel, Co, Pd, Cu, Zn, Sn, and Ag, is 
possible as the above-mentioned metal particles. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is concerned with the structure and the formation 
approach of a projection electrode which were formed on the electric element or the substrate, 
and relates to property amelioration of a projection electrode in more detail. 
[0002] 

[Description of the Prior Art] As an approach of forming a projection electrode, the projection 
electrode of a regulus was conventionally formed by the electroplating method. 
[0003] Drawing 4 is the sectional view of the semiconductor device which has the projection 
electrode formed by the electroplating method. In drawing, the barrier metal in which aluminum 
electrode with which 101 was prepared in the semiconductor device and 102 was prepared on 
the semiconductor device 101, and 103 were formed on the aluminum electrode 102 by the 
passivation film, and 104 was formed with metals, such as nickel, Cr, and Pt, and 105 are metal 
bumps who achieve the duty of the projection electrode formed with electrolysis plating on the 
barrier metal 104. 

[0004] Next, how to form a metal bump is explained. First, vacuum evaporationo formation of the 
metals, such as nickel, Cr, and Pt, is carried out by the spatter within a vacuum tub on a 
semiconductor device 101. The resist of a polyimide system is applied on the formed metal 
membrane, by irradiating ultraviolet rays on a mask in piles, the resist except the aluminum 
electrode 102 top is stiffened, solvent removal of the non-hardened resist is carried out, and 
only aluminum electrode top prepares opening. Next, the semiconductor device 101 in which the 
resist layer was formed is attached to Au plating bath, and an electrical potential difference is 
applied to a metal membrane. Only on the metal membrane exposed to opening of a resist, Au 
grows and the Au bump 105 is formed. After the Au bump 105 is formed, the barrier metal 104 is 
formed by carrying out solvent removal of the resist layer, using a bump 105 as a mask for a 
metal membrane further, and giving dry etching. 
[0005] 

[Problem(s) to be Solved by the Invention] By the above formation approaches of a projection 
electrode, it has the following troubles. That is, very many processes are complicated, the short- 
circuit between the terminals which adjoined in order that a manufacture unit price might 
become high since many processes which cost requires, such as vacuum deposition, are 
included, and a plated metal might grow also in the direction of a field of a semiconductor device 
occurs, and projection electrode formation of a detailed pitch is difficult. Moreover, in the 
approach of mounting the semiconductor device currently called the chip-on glass in the form of 
a face down on a substrate, connection dependability falls remarkably with the above-mentioned 
projection electrode with it difficult [ to arrange height with homogeneity ]. Since the above- 
mentioned projection electrode which is furthermore a regulus was not able to deform easily, the 
correspondence to a solid and smooth substrate was difficult for it. 

[0006] This invention aims at offering the projection electrode corresponding to a detailed pitch 
that it was made that the above-mentioned technical problem should be solved, and is easy to 
deform on an electrode. 
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[0007] 

[Means for Solving the Problem] Structure of the projection electrode by this invention is 
characterized by having formed the layer of the resin which distributed metal particles so that 
the part on said electrode might be covered at least, and forming metallic coating only on said 
resin containing said metal particles, and said electrode in a projection electrode with the 
configuration projected from the electrode on an electric element or a substrate. 
[0008] 

[Function] The resin containing metal particles is formed on an electrode. When a metal 
membrane grows by using as a nucleus the metal particles which were immersed in the metal 
plating bath and projected this from resin, a metal membrane is formed on resin, a metal 
membrane is formed also on an electrode at coincidence, and the projection electrode containing 
the layer of resin is formed on an electrode. 
[0009] 

[Example] Hereafter, one example by this invention is explained. 

[0010] Drawi ng 1 is the sectional view of the semiconductor device which has a projection 
electrode by this invention, and drawing 2 is the sectional view having expanded and shown the 
important section of the projection electrode by this invention. The passivation film prepared in 
order that aluminum electrode prepared in order that 1 might perform a semiconductor device on 
a semiconductor device 1 and 2 might output and input an electrical signal, and 3 might protect 
the active side of a semiconductor device 1, the resin with which 6 was formed on aluminum 
electrode, the metal particles which distributed 7 in resin, and 8 are the metal membranes 
formed so that the resin 6 and aluminum electrode 2 top might be covered. 
[001 1] Drawin g 3 (a) - drawing 3 (d) are the sectional views having shown the process which 
forms the projection electrode by this invention shown in drawing 1 and drawing 2 , the arrow 
head with which 9 shows a mask and 10 shows the direction of radiation of ultraviolet rays, and 
1 1 are the fields which resin 6 hardened by ultraviolet rays, and 12 is a palladium coat. The 
formation approach of the projection electrode by this invention is as follows. 
[0012] First optimum dose dropping of the resin 6 which distributed metal particles 7 uniformly 
is carried out using a dispenser etc. on the active side of a semiconductor device 1. In order to 
open the dropped resin 6 to homogeneity on a semiconductor device 1, high-speed rotatipn for 
10 seconds is performed for a semiconductor device 1 by about 3,000 rpm, and the spin coat of 
the resin 6 is carried out so that it may become the thickness of about 20 micrometers. The 
resin 6 used at this time is polyimide system resin of a liquefied ultraviolet curing mold, and is 
making Ag-Pd powder with a particle size of 0.1-1 micrometer contain 5 to 20% in resin 6 as 
metal particles 7. having used the polyimide resin of an ultraviolet curing mold as resin 6 — 
pattern formation — easy — it can carry out — in addition — and it is because it excels in 
chemical resistance, and as long as it is resin which is not invaded by electroless deposition 
liquid, film-like resin and nonphotosensitivity resin may be used. The semiconductor device 1 
which carried out the spin coat of the resin 6 is dried at 80 degrees C for about 1 hour, and the 
structure of drawing 3 (a) is acquired. Next, as shown in drawing 3 (b), on the semiconductor 
device 1 of drawing 3 (a), alignment is carried out, the mask 9 which has opening in the location 
corresponding to the aluminum electrode 2 of a semiconductor device 1 is carried, ultraviolet 
rays are irradiated in the direction of an arrow head 10, and only a field 1 1 stiffens resin 6. By 
making opening of a mask 9 smaller than the aluminum electrode 2, the hardening field 1 1 of 
resin 6 is designed so that it may become smaller than the aluminum electrode 2. 
[0013] In order to remove a part for the non-hard spot of resin 6, a semiconductor device 1 is 
immersed in the developer of resin 6 for about 2 minutes, and the structure of drawing 3 (c) is 
acquired. Since the hardening field 1 1 of resin 6 is also etched in part at this time, the thickness 
of resin 6 decreases 20 to 30% more from the condition which showed in drawing 3 (a). For this 
reason, as shown in drawing 3 (c), metal particles 7 will be in the condition of having projected 
from resin 6. 

[0014] The palladium coat 12 activated on the aluminum electrode 2 as it was immersed in a tin 
(II) chloride solution and a palladium-chloride solution and a semiconductor device 1 was shown 
in drawing 3 (d) as pretreatment for plating also on the aluminum electrode 2 is formed. 
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[0015] In order to form a metal membrane 8 finally, a semiconductor device 1 is immersed in 
non-electrolyzed nickel plating bath. Since the palladium coat 12 exists on the aluminum 
electrode 2, nickel under electroless deposition bath deposits on the aluminum electrode 2 by 
permuting by the palladium coat 1 2. Moreover, the metal particles 7 projected from the front 
face of resin 6 on resin 6 are used as a nucleus, and nickel film grows. Thus, nickel film which 
grew on resin 6 by using metal particles 7 as a nucleus, and nickel film which grew on the 
aluminum electrode 2 join together, as shown in drawing 2 , a metal membrane 8 is formed so 
that the aluminum electrode 2 and resin 6 may be covered, and a projection electrode is formed. 
As metal particles 7, if it is for making nickel plating film easy to attach and is the metal in which 
electroless deposition is possible, other metallic materials, such as Fe, nickel, and Cu, can be 
enough substituted for having used Ag-Pd powder. Moreover, since metal particles 7 are eating 
away into resin 6, they raise the adhesion force to the resin 6 of a metal membrane 8 according 
to an anchor effect. 

[0016] Thus, the formed projection electrode can set height as arbitration from submicron one 
by the class and the method of application of resin 6, and correspondence of it is attained to the 
submicron unit which is further the magnitude that a pitch can also etching form. Furthermore, 
since it deforms easily compared with the metal bump 105 of the conventional technique which 
is a regulus since the layer of resin 6 is included in a projection electrode, in the mounting 
approach called the chip-on glass mentioned above, positive connection can be taken by 
pressing a projection electrode on a smooth substrate. Although the faulty connection occurred 
26/100 per [ which was mounted ] 100 semiconductor devices with the conventional technique 
when an example was given, chip-on glass mounting was carried out and the semiconductor 
device with the projection electrode ( drayying_4 ) formed with the conventional technique was 
compared with the semiconductor device in which the projection electrode by this invention was 
formed, in the projection electrode by this invention, the faulty connection hit 100 
semiconductor devices and was not generated at all. 
[0017] 

[Effect of the Invention] As explained above, in this invention, by forming the layer of the resin 
containing metal particles on an electrode, and forming a metal membrane on an electrode and 
resin, bump formation in a detailed pitch is possible, and positive connection is enabled also in 
mounting to a smooth substrate by the ability deforming easily further. By making metal particles 
contain in resin furthermore, formation of a metal membrane is made easy, the adhesion force to 
the resin of a metal membrane is raised according to the anchor effect of metal particles, and a 
semiconductor device is provided with high dependability. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing one example by this invention. 

[Drawing 2] It is the sectional view having expanded and shown the important section of one 

example by this invention. 

[Drawing 3] It is the sectional view having shown the production process of one example by this 
invention. 

[Drawing 4] It is the sectional view showing the conventional example. 
[Description of Notations] 

1 Semiconductor Device 

2 Aluminum Electrode 

3 Passivation Film 

6 Resin 

7 Metal Particles 

8 Metal Membrane 

9 Mask 

10 Arrow Head Which Shows Direction of Radiation of Ultraviolet Rays 

1 1 Hardened Field 

12 Palladium Coat 

101 Semiconductor Device 

102 Aluminum Electrode 

103 Passivation Film 

1 04 Barrier Metal 

105 Metal Bump 
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Drawing selection | drawing 4 
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(54) CONDUCTIVE PASTE 

(57)Abstract: 

PURPOSE: To provide good conductivity by forming specified needle-like projected parts on a 
metal powder. 

CONSTITUTION: A conductive paste with a specified conductivity is obtained by properly 
adjusting the ratio of a metal powder having needle-like projected parts with 1^am or smaller in 
diameter and 50//m or shorter in length on the surface and a resin. As the metal powder, for 
example, silver, gold, palladium, copper, nickel, silver-coated nickel, silver-coated copper, and 
powder of alloys of these metals are preferable and two or more of them may be employed. 
Washing of the metal powder surface with water is carried out to remove ions of impurities and 
then drying is carried out, and further washing with an alkali and with water and drying are 
repeated. After that, the metal powders are kept still att 40-90° C and 80-90%RH (relative 
humidity) in a thermostat bath for several days to a couple of weeks to give metal powders 
having needle- like projected parts. A conductive paste having good conductivity can be 
obtained by producing the paste with the metal powder and resin such as epoxy resin, acrylic 
resin, etc. 
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1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The conductive paste which is a conductive paste which consists of resin and a metal 
powder, and is characterized by a metal powder having a needlelike projection with a diameter 
[ of 1 micrometer or less ], and a die length of 50 micrometers or less on a front face. 
[Claim 2] The conductive paste which is a conductive paste which consists of resin, a metal 
powder, and semi-conductor powder, and is characterized by a metal powder having a needlelike 
projection with a diameter [ of 1 micrometer or less ], and a die length of 50 micrometers or less 
on a front face. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
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1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a conductive paste with good conductivity. 
[0002] 

[Description of the Prior Art] The conductive paste which consists of resin, a metal powder or 
resin and a metal powder, and semi-conductor powder is used for industries, such as electrician 
business and electronic-parts industry, so much for the flexibility which this ingredient has. 
Among such components of a conductive paste, a metal powder or a metal powder, and semi- 
conductor powder contributed to conductivity, and in order that resin may maintain a flexible 
adhesive property, it has contributed. And the conductivity of a conductive paste becomes high 
so that there are many rates of the metal powder or metal powder occupied during a conductive 
paste, and semi-conductor powder, but if the rate is extremely made [ many ], the adhesive 
property of a conductive paste will be spoiled. Thus, since the conductivity and the adhesive 
property of a conductive paste have relation like an inverse proportion, the presentation of a 
conductive paste is determined according to the purpose of use. 
[0003] 

[Problem(s) to be Solved by the Invention] Although the configuration of the metal powder used 
for a conductive paste is usually a globular form, as mentioned above, in order to maintain the 
same adhesive property and to raise conductivity, a flat configuration and elliptical thing is 
proposed and practical use is presented with it. Although it is thought that such a plate-like 
metal powder is advantageous when an electron moves under a conductive paste, it is not yet 
clear about the device. However, it was unsuitable for the application to raise conductivity 
further also in such a new conductive paste. 
[0004] 

[Means for Solving the Problem] This invention was made that the above-mentioned technical 
problem should be attained, and the summary is a conductive paste characterized by a metal 
powder having a needlelike projection with a diameter [ of 1 micrometer or less ], and a die 
length of 50 micrometers or less on a front face. In addition, a part of metal powder may be 
permuted by semi-conductor powder. 

[0005] Hereafter, the conductive paste of this invention is explained. As resin used in this 
invention, one or more sorts of well-known resin, such as an epoxy resin, an alkyd resin, acrylic 
resin, a fluororesin, silicon resin, phenol resin, aryl resin, hydrocarbon resin, and cellulosic resin, 
is used conventionally. Moreover, such resin may turn into resin of the purpose presentation 
after hardening at the time of using one or more sorts in the form of a monomer or oligomer, and 
using a final conductive paste. 

[0006] Next, as a metal powder used in this invention, silver dust, gold dust, palladium powder, 
copper powder, nickel powder, silver coat nickel powder, silver coat copper powder, these alloys, 
etc. are raised, and two or more sorts may be used, for example. It conflicts in this, and since 
reason silver dust, silver coat nickel powder, and silver coat copper powder of conductivity are 
high, it is desirable. As for these metal powders, it is important that a front face has a needlelike 
projection. 
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[0007] In order for the front face of said metal powder to have a needlelike projection, it dries, 
after rinsing a metal-powder front face and removing impurity ion, and after repeating alkali 
cleaning, rinsing, and desiccation further, it is obtained by drying at a room temperature after 
several days - 2-3 week neglect in the constant humidity chamber of 40-90 degrees C and 80 - 
90%RH. the shape of the shape of the globular shape which mentioned the configuration of the 
metal powder to be used above, and flat, and an ellipse — you may be which configuration. In 
this invention, the magnitude of the needlelike projection on each front face of a metal powder 
has the diameter of 0.001-1 micrometer, and desirable die length of 0.01-50 micrometers. The 
conductive improvement in the conductive paste produced when the conductivity of the 
conductive paste produced by the diameter of 0.001 micrometers and die length of 0.01 
micrometers or less was not enough and exceeded the diameter of 1 micrometer and die length 
of 50 micrometers is not remarkable, and desirable. [ become conversely disadvantageous in 
cost and ] 

[0008] Moreover, although the conductive paste which has desired conductivity by adjusting the 
ratio of the metal powder and resin to be used suitably is obtained, the rate that the content of 
the metal powder occupied during a paste is desirable is 20 - 96 % of the weight. If the 
conductivity of a paste has the inadequate rate of a metal powder at less than 20 % of the 
weight and it exceeds 96 % of the weight the adhesive property of a paste is inadequate and it is 
not [ both ] good. 

[0009] Moreover, since the metal powder mentioned above is generally expensive, when asking 
for cheap nature, it may permute a part of metal powder by semi-conductor powder. As this 
semi-conductor powder, electric conductivity is the semi-conductor powder between 10-5 
second-cm -1 - 103 s-cm -1. As an example of representation, a manganese dioxide, diacid- 
ized tin, a tungsten dioxide, a lead dioxide, a titanium dioxide, 1 oxidization copper, one zinc 
oxide, 1 nickel oxide, 1 cobalt oxide, an iron sesquioxide, barium titanate, tantalum oxide, a 
vanadium sesquioxide, a tungstic trioxide, the poly thiophene, Pori Fran, polypyrrole, the poly 
aniline, polyoxy benzene, polysulfide benzene, poly benzene, poly benzo pyrroline, poly pyrroline, 
the poly carbazole, the poly phenothiazin, etc. are mentioned. Electric conductivity may be 
adjusted and used by putting in the suitable well-known dopant for such semi-conductor powder. 

[0010] The condition that the metal powder distributed in the suitable solvent which resin 
dissolved has the conductive paste mentioned above, and it turns into a conductive paste which 
consists of the resin which removes a solvent and is made into the purpose, a metal powder, or 
resin, a metal powder and semi-conductor powder. Moreover, it is not necessary to use the 
solvent with which resin itself mentioned the liquid-like thing above, and becomes a solid 
conductive paste by carrying out desiccation hardening. 
[0011] 

[Function] If a metal powder has a needlelike projection on a front face, it will be thought that 
the electronic transition between metal powders is easily performed through between needlelike 
projection tips. 
[0012] 

[Example] Hereafter, it is explained in more detail that this invention is also at an example and 
the example of a comparison. 

Flat silver dust with a particle size [ one to examples 1-6 and example of comparison 6 / of 3-4 
micrometers ] and a thickness of 1 micrometer was rinsed, and reduced pressure drying was 
carried out at 50 degrees C. After the KOH water solution washed 2 more%, it rinsed and dried. 
After repeating this actuation twice, it was left for one week in the constant humidity chamber of 
60-degree-C80%RH. Thus, the obtained metal powder has a needlelike projection on a front face, 
and the needlelike projection checked by microscope observation that a path was [ an average 
of 0.03 micrometers and die length ] 0.5 micrometers. Table 1 showed the electric conductivity 
when adding the silver dust which carried out in this way and was obtained to various polymers, 
and producing a conductive paste. In addition, electric conductivity is the value which applied the 
conductive paste by the thickness of 1mm in the shape of a glass plate, and was measured by 
1cm of distance between electrodes. Moreover, each example of a comparison is the electric 
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conductivity of the conductive paste when not performing processing which mentioned silver 
dust above in each example. 

[0013] The front face which has a needlelike projection by the processing same into spherical 
silver coat nickel powder with seven to examples 7-12 and example of comparison 12 particle 
size of 7 micrometers as an example 1 was formed. The path of the needlelike projection was 
0.04 micrometers in an average of 0.01 micrometers and die length. The conductive paste which 
consists of such silver coat nickel powder, semi-conductor powder of the various kinds prepared 
independently, and resin was produced, electric conductivity was measured, and it was shown in 
Table 2. 

[0014] Except having changed the time amount which leaves silver dust in a constant humidity 
chamber in the 13 to example 18 example 2, the conductive paste was produced like the example 
2, the electric conductivity of each example was measured, and it was shown in Table 3. 
[0015] It dried, after leaving the conductive paste produced in the example 2 of example of 
comparison 13 comparison for one week in the constant humidity chamber of 60-degree~C80% 
RH, and electric conductivity was measured, and the account of the average of the value was 
carried out to Table 3. 
[0016] 
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[0019] 

[Effect of the Invention] As explained above, this invention is a conductive paste which consists 
of the conductive paste or resin which consists of resin and a metal powder, a metal powder, and 
semi-conductor powder, and since a metal powder has a needlelike projection with a diameter 
[ of 1 micrometer or less ], and a die length of 50 micrometers or less on a front face, 
conductivity is good [ this invention ]. 
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[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] The conductive paste which is a conductive paste which consists of resin and a metal 
powder, and is characterized by a metal powder having a needlelike projection with a diameter 
[ of 1 micrometer or less ] t and a die length of 50 micrometers or less on a front face. 
[Claim 2] The conductive paste which is a conductive paste which consists of resin, a metal 
powder, and semi-conductor powder, and is characterized by a metal powder having a needlelike 
projection with a diameter [ of 1 micrometer or less ], and a die length of 50 micrometers or less 
on a front face. 

[Claim 3] The conductive paste according to claim 1 or 2 which the metal powder contained 20 
to 96% of the weight during the paste. 
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